Background: A critical component of pediatric residency training is exposure to diverse and challenging hospitalized patients, yet little is known about the differences in pediatric inpatient educational experiences across residencies.
H
IGH-QUALITY pediatric graduate medical education requires exposure to a diverse and challengi n g p a t i e n t p o p u l ation. 1, 2 Because of the experiential nature of residency education, care of severely ill inpatients is an essential component of learning opportunities. Residents' experiences treating inpatients, however, vary from program to program, depending on the residency curriculum and the patient population in affiliated hospitals. The Residency Review Committee for pediatrics gives individual programs flexibility, requiring residents to treat an unspecified "wide range of acute and chronic medical conditions" and allowing the duration of inpatient rotations to vary from 5 to 8 months. 3 Although residencies can choose the duration of inpatient rotations, they have much less control over the children admitted to their hospitals. Pediatric residency programs vary widely, and much of this variation is a reflection of the differences between programs' affiliated hospitals. As such, hospitals with pediatric residencies range from moderate-sized rural medical centers to very large multiinstitutional programs in large cities. Consequently, a program's size and setting are likely to affect the types of patients treated, which could, along with other program characteristics, have implications for the resident's learning opportunities.
To date, no study has examined the differences in pediatric inpatient learning opportunities among residency programs. Lacking empirical data, it is commonly assumed that larger residency programs, which are typically found in large cities, have more diagnostic diversity and severity of illness among pediatric inpatients and are able to provide a richer training experience. This study ex- amines the relative differences in inpatient illness severity and diagnostic diversity seen at small, medium, and large pediatric residency programs as a reflection of pediatric residency inpatient learning opportunities.
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METHODS
DATA SOURCES
This study linked pediatric residency programs to their primary hospitals and examined the corresponding inpatient illness severity and diagnostic diversity. We used inpatient data from the University HealthSystems Consortium (UHC) Clinical Data Base. The UHC is a nonprofit organization of 87 academic health centers and 114 hospitals through which academic medical centers voluntarily share data submitted by their members for clinical improvement and research. Because of anonymity agreements within the UHC, institutions were not analyzed individually but were instead aggregated by residency size. We excluded 59 hospitals that did not have a corresponding pediatric residency listed in the American Medical Association's Fellowship and Residency Electronic Interactive Database (FREIDA). 4 Many of these hospitals had freestanding children's hospitals that did not contribute data to the UHC database. This left 55 pediatric residency programs. This analysis used data for the period between October 1999 and September 2000.
CLASSIFICATION OF RESIDENCY PROGRAMS
Using FREIDA, we obtained each residency program's selfreported number of pediatric residents, faculty members, and neonatal and pediatric intensive care unit beds from its major hospital affiliate. We grouped the 55 programs into 3 different categories based on the number of residents (small, Յ30 residents; medium, 31-49; and large Ն50). Some programs had incomplete information on faculty size (n = 12; 20% of programs), the number of intensive care beds (n = 16; 27% of programs), and the number of neonatal beds (n=14; 23% of programs), and we excluded missing elements from the institutional descriptions ( Table 1) .
CLASSIFICATION OF PATIENT DISCHARGES
We used diagnostic codes (International Classification of Diseases, Ninth Revision, Clinical Modification) and diagnosis related group (DRG) specification and weight to provide a standardized means of comparison. By definition, DRGs group primary diagnoses and procedures to determine the average resource use for payment purposes. 5 The DRG weight is the standardized measure of resource requirements used to calculate payment and is closely correlated with illness severity and the complexity of management. 5 Pediatric DRG weights vary from 0.10 for allergic reactions to 17.79 for heart transplantations. In this analysis, we included discharge data for children aged 0 to 18 years but excluded obstetric, newborn, and perinatal hospitalizations. In addition, we excluded the DRG classification used for all nonclassifiable diagnoses (DRG 470), accounting for approximately 0.1% to 0.2% of all discharges. We stratified DRG weights into medical and surgical categories.
DEFINITIONS OF OUTCOMES
For measures of severity, median and mean DRG weights for medical and surgical pediatric patients were calculated. Only institutional means with the number of discharges were available. To measure the diagnostic diversity of inpatients treated by program size, we calculated the percentage of all discharges that were for one of the 5 most common DRGs. We also calculated the percentage of all discharges with asthma as the principal diagnosis using the Agency for Health Care Research and Quality Clinical Classifications Software asthma definitions. 6 
STATISTICAL ANALYSIS
Statistical analysis was performed using Stata software, version 7.0 (Stata Corp, College Station, Tex). For the analysis of patients' illness severity, we performed linear regression for mean DRG weights and residency size. For the analysis of diagnostic diversity, we used logistic regression to compare the percentage of the top 5 diagnoses and the percentage of asthma of all discharges across residency size. We used robust variance calculations (cluster option within Stata, version 7.0) to account for the within-hospital correlations of observations. 7 PϽ.05 was considered to be statistically significant.
This study was given exempt status by the Institutional Review Board of Dartmouth College's Committee on the Protection of Human Subjects (CPHS No. 16057). The information presented in this publication was based in part on the Clinical Data Base provided by the University HealthSystem Consortium.
RESULTS
The characteristics of residency programs and their affiliated teaching hospitals varied widely ( Table 1) . The residency programs varied substantially in the number of residents (range, 15-84) and in faculty size (range, 20-512). Larger programs tended to have more pediat- ric intensive care unit beds, but this trend was not seen with neonatal intensive care unit beds. Only large programs (Ն50 residents) had freestanding children's hospitals, defined as meeting the eligibility requirements for Children's Hospital Graduate Medical Education funds. 8 Only 1 program was not located in a metropolitan area.
There was no relationship between mean and median medical DRG weights and residency size ( Table 2) . The mean DRG weight for small programs was 0.89; medium, 0.86; and large, 0.85 (small vs medium, P = .29; small vs large, P = .23). Larger programs had more patients with severe surgical diagnoses. The mean surgical DRG weights differed between small and large programs; the small program mean was 2.11; medium, 2.08; and large, 2.47 (small vs medium, P =.85; small vs large, P = .02), although this analysis only used institutional means, not the total number of discharges. The increase in illness severity among surgical patients at larger programs is not surprising because highly technical procedures with high DRG weights, such as organ transplantation, tend to occur at larger, regionalized institutions.
The 5 most common diagnoses at small, medium, and large hospitals were similar, although the ranks differed ( Table 3) . Asthma was the most common diagnosis at both medium and large programs but was only the fifth most common diagnosis at small programs. Maintenance chemotherapy and radiotherapy was the most common diagnosis at small programs and the second most common diagnosis at medium and large programs. Pneumonia was the third most common diagnosis at small and medium programs but was not within the top 5 diagnoses at large programs. Conversely, complications due to a device, implant, or graft was the fifth most common diagnosis at large programs but was not within the top 5 diagnoses at small and medium programs, likely reflecting the surgical environment at larger institutions.
The Figure illustrates the variation in diagnostic diversity across programs. In general, diagnostic diversity decreased with increasing residency size. The percentage of total discharges for diagnoses within the top 5, one measure of diagnostic diversity, increased with increasing program size, illustrating a decrease in diversity. In small programs, a mean of 24.9% of the total discharges were for the top 5 diagnoses compared with 25.9% in me- dium programs and 29.9% in large programs (small vs medium, PϽ.001; small vs large, P=.07). We also examined the proportion of the 10 and 15 most common diagnoses and still found that the concentration of patients increased at larger programs, decreasing patient diversity.
Discharges for asthma are another indicator of educational diversity (Figure) . The percentage of discharges for asthma increased with residency size. Asthma was the diagnosis for a mean of 6.5% of all surgical and medical discharges at small programs, whereas medium programs had 7.4% and large, 9.3% (small vs medium, PϽ.001; small vs large, PϽ.001). At some medium and large programs, asthma accounted for more than 1 in 5 medical discharges.
COMMENT
Pediatric inpatient illness severity and diagnostic diversity varied among hospitals with residency programs, yet these differences were poorly related to the size of the residency programs. This study shows that smaller programs, on average, have similar levels of inpatient illness severity for medical discharges compared with larger programs. In contrast, larger programs have a higher proportion of discharges concentrated in their top 5 diagnoses, particularly asthma, thereby decreasing diversity. The 5 most common diagnoses were almost identical at small, medium, and large programs. These findings challenge the assumption that, all else held equal, better pediatric inpatient learning opportunities are offered at larger, urban hospitals.
Surgical patient illness severity, however, was higher at larger residency programs. It should be noted that there are substantial differences across programs in the level of involvement of pediatric residents with surgical patients. Greater surgical case complexity, therefore, does not necessarily lead to greater learning opportunities for pediatric residents.
Previous research has not specifically examined the mix of inpatients treated among pediatric graduate medical programs. Several small studies have demonstrated differences in the case mix 9-13 of internal medicine residency programs, medical school clerkships (family practice, pediatrics, and internal medicine), 14 and outpatient settings. 2, 15 None of these studies have examined the relationship between program size and patient characteristics.
Recently, Shipman et al 16 reported that residents in small pediatric programs (Ͻ30 residents) spent less time in emergency departments and inpatient wards and more time in outpatient clinics. Residents in small programs also failed the pediatric boards more frequently, although the study did not control for differences in the resident characteristics across program size. It is not clear from this study whether smaller programs afford a poorer learning experience or whether they tend to attract less qualified medical students looking for an easier patient environment. Our study suggests that one important aspect of a rigorous residency program, very ill inpatients with diverse diagnoses, is present in small as well as large programs.
The Residency Review Committee provides only general guidelines for pediatric residency programs with respect to patient populations. An appropriate residency educational experience must include patients that are of sufficient number, age distribution, and variety of complex and diverse pathology to assure the residents of adequate experience with infants, children, and adolescents who have acute and chronic illnesses, as well as with those with lifethreatening conditions. 3 Pediatric residency programs and the Residency Review Committee have not established a standardized way of measuring this patient mix. [17] [18] [19] Other specialties, such as general surgery, attempt to guarantee a breadth of educational experiences by requiring residents to fulfill specified surgical categories, although the value of these distribution requirements remains unknown. Pediatric residents are only required to complete a checklist of procedures, such as lumbar punctures, but not a specific list of patient diagnoses.
In the absence of an agreed-upon method of comparing inpatients, we used DRG weights as a quantifiable measure of patient illness severity. The DRGs were first established as a means to determine hospital reimbursement for Medicare and Medicaid patients 5 and have been faulted for failing to account for the resources required to care for infants and children. This is particularly evident in the crude DRG classification of neonatal patients, a group excluded from our study. [20] [21] [22] [23] Since their initial development, DRGs have been refined to All Patient DRGs to improve the applicability of DRGs in non-Medicare patient populations. 24 Although it would have been preferable to use the All Patient DRG or All Patient Refined DRG measures, these were not available for the data set included in the study. The bias of using DRG weights in this study is minimized by excluding newborns and by using DRG weights to measure relative, not absolute, severity differences across pediatric program size. Further, the study only compared DRG weights from the program's primary hospital affiliation. This restriction leads to higher mean DRG weights in large multi-institutional programs because the discharges at community hospitals, where inpatients are less severely ill, are excluded.
Several other limitations of this study merit discussion. This study examined only a sample of the 205 US pediatric programs, 4 excluded military programs, and relied on the hospitals' voluntary contributions of data to the UHC database. Additionally, faculty size, an important component of pediatric education, is self-reported and may vary according to institutional definitions. However, this does not affect our classifications of program size. Finally, we have not explicitly measured excellence in education and patient care, a defining characteristic of pediatric residency programs.
We, as well as others, 1,2,9,14,25 assume that diverse patient illnesses and higher severity are part of an enriched inpatient educational experience. However, it should be noted that these measures are only 2 of many aspects of pediatric residency training. Additionally, it is not known whether the mix of patients treated during a residency should mirror the breadth expected to be seen after training has been completed 10 or should be as broad as possible to include rare cases. 
What This Study Adds
Pediatric residency programs provide crucial hands-on training for future pediatricians, yet there has been little research comparing the inpatient learning opportunities at different residency programs. When evaluating the relative merits of residency programs, medical students and pediatric faculty advisors often rely on the unverified assumption that larger programs offer a more diverse and challenging inpatient population. Contrary to this belief, we found that, on average, small, medium, and large programs have similar levels of inpatient illness severity. We also found more diagnostic diversity at smaller programs. Further, this study demonstrates that administrative data sets offer a relatively efficient means of comparing inpatient learning opportunities.
